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This invention is concerned with a process for prepar 
ing 2,2-bis(poly?uoroalkyl)-l,3-dioxolanes by reaction of 
certain poly?uorinated ketones with certain epoxides in 
the presence of selected catalysts. 

Simmons, in U.S. Patent, 2,925,424, has described a 
process for preparing 2,2-bis(poly?uoroalkyl)-1,3-dioxo 
lanes by reaction of poly?uorinated ketones with halohy 
drines (i.e. haloalcohols having the halogen and hydroxyl 
on adjacent carbons) in the presence of bases such as al 
kali metal carbonates. While this process is useful within 
its scope, it is limited to the use of halohydrines which 
are free of substituents which would react with bases. 
In addition, anhydrous conditions are required due to 
the very sensitive nature of poly?uorinated ketones to 
ward bases in the presence of water. Since most poly?uo 
rinated ketones are also hygroscopic and di?'icult to keep 
dry, it is di?icult to prevent some loss of ketone in the 
presence of base by such process. 

Bo-gert and Roblin, J. Amer. Chem. Soc., 55, 3741 
(1933), disclose the reaction of hydrocarbon ketones 
with epoxides in the presence of stannic chloride to form 
1,3-dioxolanes. However, stannic chloride is not useful 
in causing poly?uorinated ketones to react with epoxides 
to form 1,3-dioxo1anes. Polymerization seems to occur 
instead. 

Bersin and Willfang, Ber., 70, 2167 (1937), is similar 
to Bogert and Roblin above, but also discloses the use of 
aluminum, iron, antimony, boron and other similar ha 
lides as catalysts. None of these materials are useful in 
the process of this invention. None of the useful catalysts 
of this invention are disclosed by Bersin and Willfang. 

It is an object of this invention to provide a novel and 
improved process for preparing 2,2-bis(poly?uoroall<yl) 
1,3-dioxolanes. Another object is to provide a process of 
such character which does not involve the use of bases 
or require anhydrous conditions and which avoids the 
formation of polymers. A further object is to provide a 
process which results in high conversions of the reactants 
to the desired dioxolanes and which is simple, easy and 
economical to operate. Other objects are to advance the 
art. Still other objects will appear hereinafter. 
The above and other objects are accomplished accord 

ing to this invention by the process which comprises re 
acting, at a temperature in the range of from about 21° C. 
to about 200° C., 

(a) a poly?uoro-ketone of 3 to 21 carbon atoms hav 
ing the formula R,,CXF--CO-—CYFRy wherein each of 
X and Y is a halogen atom of atomic numbers 9-17, and 
RK and Ry is a member of the group consisting, separ 
ately, of F, 01, per?uoroalkyl groups of 1-10 carbon 
atoms, and w-hydroper-?uoroalkyl groups of 1-10 carbon 
atoms, and, jointly, of poly?uoroalkylene and oxopoly 
?uoroalkylene groups of 1-3 carbon atoms which form 
with the -CXF—CO—CYF- group a carbocyclic ring 
of 4-6 carbon atoms; 

(b) with an epoxide of 2 to 20 carbon atoms having 
the formula 
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wherein one of R' and R" is hydrogen and the other is a 
member of the group consisting of hydrogen, alkyl, al 
kenyl, carboxyl, carbalkoxyl, cyano, acyl, substituted 
alkyl and substituted alkenyl groups, the substituents in 
said substituted groups being selected from halogen, car 
boxyl, carbalkoxyl, cyano, hydroxyl, alkoxyl, acy-l, acyl 
oxy, and dialkylamine groups; and R is a separate mem 
ber of the group consisting of phenyl, epoxyalkyl, and 
the groups de?ning the other of R’ and R"; 

(c) in the presence of a catalytic amount of a catalyst 
of the group consisting of lithium chloride, alkali metal 
halides in which the halogens are of atomic numbers 35 
53, and quaternary ammonium halides in which the halo 
gens are of atomic numbers 35-53 and the quarternary 
ammonium cations are selected from tetraalkylammon 
ium and aralkyltrialkylammonium cations. 
A further feature of this invention comprises carrying 

out the above process in the presence of at least 0.2 part 
by weight of a polar liquid of the group consisting of 
water, alkanols of 1-4 carbon atoms, and alkylene gly 
cols of 2-4 carbon atoms, for each part of catalyst (c). 
The process of this invention involves the reaction rep 

resented by the following equation: 

catalyst 
———> 

R 
/ 

By employing in this process a catalyst of the group 
de?ned in (c) above with the de?ned classes of ketones 
and epoxides, 2,2-bis(poly?uoroalkyl)-1,3-dioxolanes are 
obtained without the formation of polymeric products, 
whereby the dioxolanes can be readily recovered from the 
reaction mixtures in pure form. Also, there are obtained 
high conversions of the reactants to dioxolanes in high 
yields. Since the process does not involve the use of basic 
catalysts and does not require anhydrous conditions, it 
permits the use of reactants which could not be used with 
basic catalysts and of hygroscopic reactants without the 
necessity of ?rst rendering such reactants anhydrous and 
maintaining them in that condition. It has been found 
further that small amounts of polar liquids, such as water, 
lower alkanols and lower glycols, accelerate the reaction 
to a considerable extent, usually almost doubling the re 
action rate, without changing the nature or course of the 
reaction. 
The process is carried out by mixing together the 

poly?uorinated ketone, the epoxide and the catalyst in a 
reaction vessel and maintaining the mixture at the desired 
reaction temperature until the reaction is complete. The 
two reactants, the ketones and the epoxides, may be used 
in any desired proportions. Reaction will take place as 
long as both reactants are present. If either reactant is 
present in excess, conversion of the two reactants con 
tinues until approximately all of that present in the lesser 
amount is consumed. It is usually desirable to obtain as 
complete conversion of both reactants as possible, since 
it simpli?es recovery and puri?cation of the desired prod 
ucts. Therefore, since the two reactants combine on an 
equimolar basis, it is usually preferable to use approxi 
mately equimolar amounts of the two reactants. 

Reaction solvents are optional and need not be used 
if either reactant is a liquid or can be maintained in the 
liquid state under the reaction conditions. Inert polar 
solvents may be used however and are particularly use 
ful when the reactants or products are solids. Useful 
solvents include per?uoroethers, such as per?uoro-n 
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butyloxolane; lower alcohols, such as methanol and 
ethanol; and lower glycols, such as ethylene glycol. Sol 
vents which would react with either the poly?uoroketone 
or the epoxide should be avoided. Water, for example, 
cannot be tolerated in large amounts. Preferably, sol 
vents are avoided, if not required, because they must 
be removed from the products later. 
The reaction temperature required depends on the poly 

?uorinated ketone, the epoxide and the catalyst being 
used. When either or both of the poly?uorinated ketone 
or the epoxide contain bulky groups attached to the 
group undergoing reaction, the reaction rate is slower 
than usual. Under such circumstances, either a higher 
reaction temperature, a more active catalyst, or both is 
desirable. With very reactive ketones, such as hexafluoro 
acetone, reactive epoxides, such as ethylene oxide, and 
active catalysts, such as tetra-n-butylammonium iodide, 
a convenient reaction rate is obtained at room tempera 
ture, about 21° C. for most combinations of poly?uori 
nated ketones, epoxides an dcatalysts, a reaction tem 
perature in excess of 100° C. is more useful. In general, 
120° C. has been found to be most generally useful and 
is the preferred reaction temperature. Temperatures up 
to 200° C. may be used but are seldom required. 
When both the reactants are gases under the reaction 

conditions, the use of a sealed system is desirable. Re 
frigerated condensers may ‘be used, when one of the re 
actants is liquid under the reaction conditions and the 
other reactant has a boiling point below room tempera 
ture, to retain the lower boiling material in the reaction 
system. Sealed systems are also useful with such combi 
nations. When both reactants and products are liquids, 
ordinary reaction systems are most useful. 
The reaction is usually aided by agitation, but agita 

tion is not required. Likewise, it is usually convenient 
to protect the system from the atmosphere, but it is not 
necessary to do so. 

Only a small amount of the catalyst is required in the 
present process (a catalytic amount). One part catalyst 
per 100 to 300 parts of reactants has been found suitable. 
The amount of catalyst used, as well as the nature of the 
catalyst, has an effect on the reaction rate. Hence the 
reaction rate may be adjusted somewhat by variation 
of the concentration of catalyst. The catalyst concentra 
tion is of lesser importance than the catalyst composi 
tion in determining reaction rate. The optimum catalyst 
and catalyst concentration for a particular reactant pair 
is best determined experimentally. 
The catalyst is chosen from lithium chloride; alkali 

metal bromides including lithium, sodium, potassium, 
rubidium and cesium bromides; alkali metal iodides in 
cluding lithium, sodium, potassium, rubidium and cesium 
iodides; tetraalkylammonium bromides and iodides; and 
aralkyltrialkylammonium bromides and iodides. The 
quaternary ammonium cation of the quaternary ammo 
nium halides includes such species as tetramethylam 
monium, tetraethylammonium, tetrapropylammonium, 
tetrabutylammonium, hexyltrimethylammonium, octyltri 
methylammonium, decyltrimethylammonium, dodecyl 
trimethylammonium, hexadecyltriethylammonium, octa 
decyltrimethylammonium, benzyltrimethylammonium, 
hexadecylethyldimethylammonium, didodecyldimethyl 
ammonium and dioctadecyldimethylammonium groups. 
Many of the quaternary ammonium salts are commercially 
available, particularly the mixed tetraalkylammonium 
compounds of structure 

ailment); or RzltKCHah 
wherein R is a straight chain alkyl group of 12~18 car 
bons. The nature of the alkyl groups does not seem to 
have a controlling effect on the catalytic activity. The 
alkali metal bromides and iodides listed above are also 
commercially available. _ 

Of the group of catalysts listed above, the bromides 
and iodides are the more active. The quaternary am 
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4 
monium halides in which the halogen is of atomic num 
bers 35-53 are particularly active and preferred. The 
tetraalkylammonium iodides appear to be the most active 
catalysts available, Tetra-n-butylammonium iodide is the 
preferred catalyst. The iodides may decompose slightly 
to form iodine. 

The solubility of the catalysts in the reaction mass ap 
pears to be important. Soluble catalysts seem to be more 
active. This is probably the cause of the greater activity 
of the quaternary ammonium halides, since they are 
usually somewhat more soluble in the reaction mass than 
the alkali metal halides. It is not an absolute requirement 
that the catalysts be soluble in the reaction mass how 
ever, as the polymeric quaternary ammonium ion ex 
change resins in which the anion is a halogen of atomic 
numbers 35-53 and the cation is composed of the repeat 
ing unit 

([3112 
f“ 

are useful catalysts in the present process. 
Alkali metal chlorides, other than lithium chloride; 

alkali metal sulfates, nitrates, cyanides and ?uorides; 
and quaternary ammonium chlorides are not useful with 
the de?ned reactants in the present invention because 
they cause polymerization as well as dioxolane forma 
tion under the de?ned reaction conditions. The halides of 
polyvalent metals, such as aluminum, iron, tin, and the 
like, are not useful with the de?ned reactants in the 
present invention, since they catalyze polymerization en 
tirely under the de?ned reaction conditions. The cata 
lysts of this invention, as de?ned above, catalyze only the 
formation of dioxolanes under the de?ned reaction con 
ditions with the de?ned reactants. 
The catalysts, except the ion exchange resins, are 

usually added to the reaction mass (or system) in the 
form of ?nely divided solids. The catalysts should be 
reasonably, preferably essentially, pure, except for small 
amounts of adsorbed water. The commercially pure 
forms of these catalysts are usually acceptable. 
When cationic ion exchange resins in the bromide 

or iodide form are used as the catalysts in the present 
process, a mixture of the poly?uorinated ketone and 
epoxide may be flowed over the resin. Reaction occurs 
on the resin and the product 1,3-di0xolane ?ows off of the 
resin. The mixture of reactants may be either gaseous 
or liquid. Normally solid reactants may be dissolved in 
an inert solvent and the solution passed over the resin. 

Ion exchange resins usually contain water. If used at 
elevated temperatures, water is lost slowly. Catalytic ac 
tivity seems to decrease with the loss of water. As is 
well known in the art, heating completely dehydrated 
ion exchange resins usually leads to resin degradation. 
Such degradation can be avoided and the catalytic ac 
tivity can be restored by periodically treating the resin 
with water or maintained by introducing a small amount 
of water, su?icient to replace that lost by heat, with the 
reactants so as to maintain the resin in the desired hy 
drated state. 

Ion exchange resins of the quaternary ammonium type, 
in the bromide or iodide form, form the basis of a use 
ful continuous process for preparing 1,3-dioxolanes ac 
cording to the present process. In the continuous process, 
a mixture of the reactants is continuously ?owed into a 
bed or column of resin. The product, as it forms, ?ows 
through and out of the resin bed or column. Since the 
catalyst does not need to be separated from the product, 
it is then merely necessary to condense or collect the 
product stream and introduce it into a continuous distil 
lation apparatus where the desired product is separated 
from unreacted starting materials. The recovered starting 
materials may then be recycled if desired. 
The ketone reactant is a poly?uoro~ketone of 3 to 21 

carbon atoms having the formula RXCXF—CO--—CYFRy 
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wherein each of X and Y is a halogen atom of atomic 
numbers 9—17, and RX and Ry is a member of the group 
consisting, separately, of F, Cl, perfluoroalkyl groups of 
1-10 carbon atoms, and w-hydroper?uoroalkyl groups of 
1:10 carbon atoms, and, jointly, of poly?uoroalkylene 
and oxopoly?uoroalkylene groups of 1-3 carbon atoms 
which form with the —CXF—-CO—CYF— group a car 
bocyclic ring of 4-6 carbon atoms. Such rings may carry 
poly?uoroalkyl substituents attached thereto. 

Typical examples of useful ketones are: CF3COCF3; 

and the like. 
The ketones are limited to those containing a maximum 

of about twenty-one carbons by reactivity, ketones con 
taining more than about twenty-one carbons being of 
very sluggish reactivity. The reactivity of the ketones in 
general decreases with increasing size of the groups at 
tached to the carbonyl group. Hexa?uoroacetone is the 
most reactive. It is essential that each carbon adjacent 
to the carbonyl group of the ketone (the a-carbons) have 
at most one substituent other than halogen attached there 
to, ‘i.e., there are at least 2 halogen atoms on each 0: 

carbon atom. For example, while a ketone such as 

CF3CF2——CO-CF2CF3 
is quite useful in the present process, the ketone 

(CF3 ) 2CF—CO—CF(CF3 ) 2 
is quite unreactive. It is also essential that at least ‘one 
of the halogen atoms on cam wcarbon be ?uorine. 

Particularly desirable ketones are the saturated per 
halocarbon and w-hydroperhalocarbon monoketones of 3 
to 21 carbon atoms, preferably 3 to 8 carbon atoms, in 
which there are at least 2 halogen atoms on each a-carbon 
atom at least one of which is ?uorine and in which at 
least 50% of all halogen atoms are ?uorine and the 
rest are chlorine. These include, as preferred classes, (1) 
the saturated per?uorocarbon monoketones of 3 to 8 car 
bon atoms in which there are at least 2 ?uorine atoms 
on each a-carbon atom; and (2) the saturated w-hydro 
per?uorocarbon monoketones of 3 to 8 carbon atoms in 
which there are at least 2 ?uorine atoms on each ot-carbon 
atom. 
The epoxide starting materials used in this invention 

have the general structure 

wherein one of R’ and R" is hydrogen and the other 
is a member of the group consisting of hydrogen, alkyl, 
alkenyl, carboxyl, carbalkoxy, cyano, acyl, substituted 
alkyl and substituted allcenyl groups, the substituents in 
said substituted groups being selected from halogen, car 
boxyl, carbalkoxyl, cyano, hydroxyl, alkoxyl, acyl, acyl 
oxy, and dialkylamine groups; and R is a separate mem 
ber of the group consisting of phenyl, epoxyalkyl, and 
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6 
the groups de?ning the other of R’ and R”. If R, R’ and 
R” are all groups other than hydrogen, the epoxide will 
not react with poly?uoroketones to form the desired 1,3 
dioxolanes in the present process. The reactivity of the 
epoxides depends on the nature of the substituents R, R’ 
and R”. As the bulk of these groups is increased, the 
reactivity decreases. It is preferable therefore to use the 
most active catalysts with the bulky epoxides. 
The nature of the substituent on the epoxide is impor 

tant only if it interferes with the reaction with the poly 
?uorinate ketone in some manner. The poly?uorinated 
ketones are very reactive in particular toward mercapto 
groups and such groups should be avoided. In general, 
other substituents do not interfere. The presence of ole 
?nic unsaturation in the substituents does not interfere, 
for example, butadiene monoepoxide is a useful reactant. 

Epoxides of cyclic ole?nes such as cyclohexene epoxide, 
i.e., wherein the carbon atoms of the epoxy group, 

0 

form part of a carbocyclic ring, are not useful in the 
present process. The reason for this ‘is not well estab 
lished but is thought to be due to certain molecular spa 
cial requirements of the reaction not provided by the 
cyclic epoxides. Therefore, each carbon atom of each 
epoxy group must form part of an acyclic carbon chain, 
excepting the epoxy 

\O/ 
ring. It is not intended that the present process be lim 
ited to any particular concept of reaction mechanism 
however. 

Preferred epoxide reactants are those wherein R’ or 
R” are hydrogen, alkyl, particularly methyl, alkenyl, halo 
alkyl, particularly halomethyl, and wherein R is hydro 
gen, alkyl, phenyl, epoxyalkyl, haloalkyl, particularly 
halomethyl, carbalkoxyalkyl and hydroxyalkyl. Particular 
ly suitable and preferred classes of epoxides are (1) al 
kylene oxides of 2 to 20 carbon atoms, most preferably 
2 to 4 carbon atoms, and 1 to 2 epoxy groups in which 
the 2 carbon atoms of each epoxy group together carry 
at least 2 hydrogen atoms and each carbon atom of each 
epoxy group forms part of an acyclic carbon chain; and 
(2) substituted alkylene oxides of 2 to 20 carbon atoms, 
most preferably 2 to 4 carbon atoms, and 1 to 2 epoxy 
groups in which the 2 carbon atoms of each epoxy group 
together carry at least 2 hydrogen atoms and each carbon 
atom of each epoxy group forms part of an acyclic carbon 
chain, and the substituents consist of 1 to 2 haloalkyl 
groups; usually .ihalomethyl, and especially monochloro 
alkyl and monochloromethyl. The 2 hydrogen atoms of 
the epoxy groups may be on the same or different epoxy 
carbon atoms. It will be understood that the term “al 
kylene oxide” as used herein (except where otherwise 
indicated) is used in its usual sense to mean a com 
pound which, except for the epoxy oxygens, consists of 
carbon and hydrogen, i.e. is unsubstituted. 
Some examples of useful epoxides are 
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A small amount of a polar liquid, such as water, an 

alkanol of 1-4 carbon atoms or an alkylene glycol of 2-4 
carbon atoms is desirable in the reaction mixture. The 
amount used is insu?icient to be considered a reaction 
solvent, it being more or less equivalent in weight to the 
weight of catalyst. Generally, the weight ratio of polar 
liquid used to the catalyst is from about 0.2 to about 
1 part by weight for each part of catalyst. The presence of 
this small amount of polar liquid accelerates the reaction. 
When water is used as the polar liquid, it generally should 
not exceed about 1 part per part of catalyst. Much larger 
amounts of the alkanols and the glycols can be used, in 
which case, the excess functions as an inert solvent. The 
alcohol or glycol used should be water soluble. Methanol 
is the preferred alcohol, ethylene glycol the preferred 
glycol. Water is preferred to an alcohol or a glycol. 
The products of this process, if liquid, are usually iso 

lated by merely distilling the reaction mixture. In this 
manner, both the desired products and the unreacted 
starting materials are recovered. The catalyst remains be 
hind, and may be recovered for reuse if so desired. Most 
of the catalysts are su?iciently inexpensive to make re 
covery uneconomical however. Solid products which can 
not be distilled are recovered by simple recrystallization 
or solvent extraction to remove catalyst and starting ma 
terials. 
The products of the process of this invention are 2,2 

bis(poly?uoroalkyl)-l,3-dioxolanes of the structure 

These products are liquids or solids which are easily iso 
lated and puri?ed by distillation or recrystallization. Many 
are known to the art. Those which contain no functional 
groups are useful as stable heat exchange fluids, hydraulic 
?uids, dielectric media, and the like (i.e., those where R, 
R’ and R" are hydrogen or an alkyl group). When R, 
R’ or R" contains an ole?nic group or a functional group 
such as halogen, hydroxyl, carboxyl, carbalkoxyl, cyano 
or dialkyl amino, the products are also useful as inter 
mediates for the production of other valuable products, 
such as polymers, polymerizable ole?nic compounds (cf. 
Example 17), and derivatives formed in known manner 
by reaction of the functional groups. 

Also, the products, except those containing free car 
boxyl groups (not esters), are dielectrics and are useful 
in devices such as those described by Camilli in U.S. Pat 
ent 3,073,885; Hill in U.S. Patent 2,561,737 and 2,561,738; 
and Narbutvoskih in U.S. Patents 2,711,882; 2,759,987; 
2,844,523 and 2,845,472. The products containing free 
carboxyl groups are useful in the form of their alkali 
metal salts as surface active agents. 

In order to more fully illustrate this invention, prefer 
rcd modes of practicing it, and advantageous results ob 
tained thereby, the following examples are given in which 
the parts and proportions are by weight, except where 
speci?cally indicated otherwise. 

Example 1 

Lithium chloride (0.5 part) which had been dried at 
130° C. for 24 hours, was placed in a Hastelloy C lined 
shaker tube. The tube was cooled to —50° C., evacuated 
and 110 parts hexa?uoroacetone and 29 parts ethylene 
oxide were added. The tube was then sealed and heated 
at 120° C. for 12 hours (the pressure within the tube 
had decreased to atmospheric pressure after 6 hours). 
After cooling, the tube was discharged and the contents 
distilled to give a 90% yield of 2,2-bis(tri?uoromethyl)~ 
1,3-dioxolane, B.P. 103—105° C. 
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Example 2 
Example 1 was repeated except that the lithium chlo 

ride was not dried and 0.5 part water was added to the 
reaction vessel. The pressure Within the vessel decreased 
to atmospheric pressure in 3 hours at 120° C. Discharge 
of the vessel after 12 hours and distillation of the product 
gave 2,2-bis (tri?uoromethyl)-l1,3-dioxolane in 90% yield, 
B.P. 103~105° C. 

Example 3 

Lithium bromide (0.5 part) and water (0.1 part) were 
placed in a Hastelloy C lined shaker tube. The tube was 
cooled to —50° C., evacuated and 110 parts hexa?uoro 
acetone and 29 parts ethylene oxide were added. The tube 
was sealed and heated at 120° C. for 12 hours (the pres 
sure decreased to atmospheric in 35 minutes). After cool 
ing, the product was discharged and distilled, giving 2,2 
bis (tri?uoromethyl)-1,3-dioxo1ane in 94% yield. 

Example 4 

Lithium iodide (0.5 part) and water (0.1 part) were 
placed in a Hastelloy C lined shaker tube. The tube was 
cooled to —50° C. and 110 parts hexa?uoroacetone and 
29 parts ethylene oxide were added. The tube was then 
sealed and heated at 120° C. for 12 hours (pressure at 
mospheric in 2 hours). After cooling, the product was 
discharged and distilled, giving 2,2-bis(trifluoromethyl) 
1,3-dioxolane in 95% yield. 

Example 5 

Sodium bromide (0.5 part) and water (0.1 part) were 
placed in a Hastelloy C lined shaker tube. The tube was 
cooled to -50° C., evacuated and 110 parts hexa?uoro 
acetone and 29 parts ethylene oxide were added. The tube 
was then sealed and heated at 120° C. for 12 hours (pres 
sure atmospheric after 9.5 hours). After cooling, the tube 
was discharged and the product distilled, giving 2,2-bis 
(tri?uoromethyl)-1,3-dioxolane in 86% yield. 

Example 6 

Potassium iodide (0.5 part) and water (0.1 part) were 
placed in a Hastelloy C lined shaker tube. The tube was 
cooled to —50° C. and 110 parts hexa?uoroacetone and 
29 parts ethylene oxide were added. The tube was then 
sealed and heated at 120° C. for 12 hours (pressure at 
mospheric after 5.5 hours). After cooling, the product was 
discharged and distilled, giving 2,2-bis(tri?uoromethy-l) 
1,3-dioxolane in 100% yield. 

Example 7 

A Pyrex reactor was charged with 3 ml. (0.03 mole) 
of hexa?uoroacetone, 1.4 ml. (0.03 mole) of ethylene 
oxide, and 50 mg. of tetrapropylammonium bromide at 
-—78° C. The reactor was sealed and maintained at 25° 
C. for three days. The reactor was then opened and 5 g. 
(81% yield) of 2,2-bis(per?uoromethyl)-1,3-dioxolane 
was obtained, boiling at 105° C. 

Example 8 

Tetra-n-butylammonium bromide (0.5 part) and water 
(0.1 part) were placed in a Hastelloy C lined shaker tube. 
The tube was cooled to —50° C., evacuated and 110 parts 
hexa?uoroacetone and 29 parts ethylene oxide were added. 
The tube was then sealed and heated at 110° C. for 12 
hours (pressure atmospheric in 25 minutes). After cool 
ing, the product was discharged and distilled, giving 2,2 
bis(tri?uoromethyl)-1,3-dioxolane in 110% yield. 

Example 9 

Cetylethyldimethylammonium bromide (0.5 part) and 
water (0.1 part) were placed in a Hastelloy C lined shaker 
tube. The tube was cooled to -—50° C., evacuated and 110 
parts hexa?uoroacetone and 29 parts ethylene oxide were 
added. The tube was then sealed and heated at 120° C. 
for 12 hours (pressure atmospheric in 2 hours). After 
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10 
cooling, the product was discharged and distilled, giving 
2,2-bis(tri?uoromethyl)-1,3-dioxolane in 97% yield. 

Example 10 

“Amberlite” 400 ion exchange resin in the commercial 
chloride form was washed with 20% aqueous caustic until 
the washings were free of chloride ion. Then the resin 
was washed with a concentrated solution of ammonium 
bromide until the washings were free of base. A vertical, 
12-inch tube was ?lled with the ion exchange resin in the 
bromide form thus obtained and was heated to 120° C. 
A mixture of approximately equimolar amounts of hexa 
?uoroacet-one and ethylene oxide vapors were passed down 
the column for several hours. The off-gases from the col 
umn were condensed and found to be 2,2-bis(tri?uoro 
methyl)-1,3-dioxolane, apparently in 100% yield. The 
efficiency of the resin as a catalyst decreased with time 
due to dehydration of the solid resin. Periodic rehydration 
restores the activity. 

“Amberlite” 400 is a cationic ion exchange resin manu 
factured by Rohm and Haas Co. It is a substituted styrene 
resin containing the repating unit 

(‘1H2 cHzlt?CHal-l 

In the example, the anion was Br. 

Example 11 

A mixture of 1.5 parts “Amberlite” 400 ion exchange 
resin in the bromide form and 0.1 part of water was 
:placed in a shaker tube. The tube was sealed, cooled to 
—80° C., evacuated and 110 parts hexa?uoroacetone and 
29 parts ethylene oxide were added. The tube was rescaled 
and heated at 120° C. for 12 hours. After cooling the 
product was discharged and distilled giving a 99% yield 
of 2,2-bis (tri?uoromethyl ) -1,3~di-oxolane. 

Example 12 

1,4‘dichloro-2,3~epoxybutane (70.4 parts), 0.1 part wa 
ter and 0.5 part tetra~n-butylammonium iodide were placed 
in a shaker tube. The tube was cooled to —50° C., evacu 
ated and 83 parts hexa?uoroacetone were added. The tube 
was then sealed and heated at 120° C. for 12 hours. After 
cooling, the product was discharged and distilled, giving 
123 parts (80%) of 2,2-bis(tri?uoromethyl)-4,5-bis(chlo 
rornethyl)21,3-dioxolane, B.P. 56° C. at 2.7 mm. Hg pres 
sure, 111325 1.3863. 

Analysis.—-Calcd. for CqHsF?ClzOzI C, 27.4; H, 1.95; 
F, 37.2; C1, 23.1. Found: C, 27.6; H, 2.1; F, 37.5; C1, 23.6. 

This product can be dehydrochlorinated to 2,2-'bis(tri 
?uoromethyl)-4,5 - bis(methylene)-1,3 - dioxolane which 
can be polymerized. 

Example 13 

Butadiene diepoxide (28.5 parts) and tetra-n-butylam 
monium iodide (0.5 part) were placed in a shaker tube 
which was then cooled to —50° C. and evacuated. Hexa 
?uoroacet-one (55 parts, one equivalent) was added. The 
tube was then sealed and heated at 120° C. for 12 hours. 
After cooling, the product was discharged and distilled, 
giving 37.9 parts (47% conversion) of a mixture of 2,2 
'bis(tri?uoromethyl) - 4 - (1',2' - epoxyethyl) - 1,3 - di 

oxolane (I) and 2,2,2’,2'-tetrakis(tri?uoromethyl)-4,4' 
bis(1,3-dioxolane) (II). 

/ \ 
O-—CH-—CH——-CH2 (|3Hz—-CH—CH——CH2 

(CFs)2C I O (I) (I) (I) 
O—CH2 \C/ \ / 

(CF92 (CF92 
(I) (II) 

Redistillation of the mixture gave 105 parts (26.5% 
yield) of compound (II), B.P. 670 C./2.2 mm., 111325 
1.3216. 
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Analysis.—Calcd. for Cml-I6F12O4: C, 28.7; H, 1.44; F, 
54.6; mole weight, 418. Found: C, 28.6; H, 1.7; F, 55.0; 
mole weight, 440. 
The presence of compound (I) in a lower boiling frac 

tion of the distillate was con?rmed by time of ?ight mass 
spectography. Compound (I) may be polymerized. 

Example 14 
1,7—dihydrododeca?uoroheptan-3-one (99.9 parts), 0.5 

part tetra-n-butylammonium iodide and 0.4 part methanol 
were heated under re?ux while ethylene oxide was passed 
into the reaction mixture until 13.2 parts had been added 
and adsorbed, about 4 hours. The product was then diS 
tilled, giving 80 parts of crude product. Redistillation gave 
75 parts (65%) of 2-(4'-hydroocta?uorobutyl)-2-(2’-hy 
drotetra?uoroethyl ) ~ 1 ,3 —dioxolane 

H(CFz)4/ \O—CI-I2 
of boiling point 111° C./13 mm., 121325 1.3399. 

Analysis.—Calcd. for CQHSFIZOZ: C, 28.9; H, 1.6; F, 
60.9. Found: C, 28.9; H, 1.6; F, 62.9. 

Example 15 

A mixture of 30 parts styrene epoxide, 0.5 part lithium 
bromide, 41.5 parts hexa?uoroacetone and 26.5 parts 
ethylene glycol was heated under a refrigerated con 
denser at 100° C. for 3 hours. The mixture was then 
cooled, washed with water, taken up in ether, washed with 
water again, dried and distilled, giving 22 parts (31%) of 
2,2-bis(tri?uoromethyl)—4 - phenyl - 1,3 - dioxolane, B.P. 

44° C./0.3 mm., nD25 1.4179. 
Analysis.—Calcd. for C11H8F6O2: C, 46.2; H, 2.8; F, 

39.9. Found: C, 46.3; H, 2.8; F, 39.9. 
Example 16 

A mixture of 0.1 part water, 0.5 part tetra-n-butylam 
monium iodide, 71 parts 2-methyl-3-ch1oro-1,2-epoxypro 
pane and 110 parts hexa?uoroacetone was placed in a 
Hastelloy C lined shaker tube and heater at 120° C. for 
12 hours. The reaction mixture was then distilled, giving 
129.5 parts (711.7% yield) of 2,2-bis(tri?uoromethyl)—4 
rnethyl-4-chloromethyl-1,3—dioxolane, B.P. 64° C./ 145 
mm., 1113,25 1.3585. 

Ana‘lysis.—-Calcd. for CqHqFGOZCI; C, 30.8; H, 2.6; F, 
41.8; C1, 13.0. Found: C, 30.6; H, 2.5; F, 42.6; C1, 12.9. 

Example 17 

A mixture of 50 parts 1,3-dichlorotetra?uoroacetone, 
23 parts epichlorohydrin (chloromethyl ethylene oxide), 
0.5 part tetra-n-butylamrnonium iodide and 24 parts meth 
anol was distilled slowly at atmospheric pressure giving 
35.4 parts (48%) of 2,2 - bis(chlorodi?uoromethyl) —4 
chloromethyl-l,3-dioxolane, B.P. 97-99° C./23 mm., 
111325 1.4160. 

Analysis.—Calcd. for C6H5Cl3F4O2: C, 24.7; H, 1.7; 
Cl, 36.6; F, 26.1. Found: C, 24.8; H, 1.8,"Cl, 35.4; F, 26.1. 

2,2-bis(chlorodi?uoromethyl)-4-chloromethyl-1,3 - di 

oxolane gives 2,2-bis(chlorodi?uoromethyl)—4-methylene 
1,3-dioxolane when treated with strong base. This ole 
?nic product is described by Simmons and Wiley, J. 
Amer. Chem. Soc., 82, 2288 (1960), prepared by a dif 
ferent route. 

Example 18 

A mixture of 801.5 parts 2,3,5,6-tetrachloro-2,3,5,6 
tetra?uoro~1,4-cyclohexanedione, 0.5 part tetra-n-butyl 
ammonium iodide, 22 parts ethylene oxide (2 equiva 
lents) and 0.1 part water was heated in a shaker tube at 
120° C. for 12 hours. The reaction mass consisted of a 
very high boiling liquid and a solid (16 parts total). The 
product was shown to be a mixture of 1,4-dioxa-6,7,9,10 
tetrachloro-6,7,9,IO-tetra?uorospiro [4,5] decane-8-one 
(I) and 1,4,9,12-tetra-6,7,13,14-tetrachloro-6,7,13,14 
tetra?uorodispiro [4,2,4,2] tetradecane (II). The solid 
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was recrystallized and found .to have a melting point of 
241—242° C. 

Analysis.—-Calcd. for C10H8F4Cl4O4: C, 29.3; H, 1.94; 
F, 18.6; CI, 34.6; mole weight, 410. Found: C, 29.6; H, 
1.9; F, 19.2; Cl, 33.5; mole weight, 411-415. 

A mixture of 58 parts methyl-10,1l-expoxyundecanoate 
and 0.25 part lithium chloride was placed in a shaker 
tube. The tube was cooled to ——50° C., evacuated and 45 
parts hexa?uoroacetone were added. The tube was sealed 
and heated at 110° C. for one hour, then 130° C. for 
14 hours. After cooling, the product was discharged and 
distilled, giving 17 parts (12.1% yield) of 2,2-bis(tri 
fluoromethyl)-4-(8’-carbornethoxyoctyl) - 1,3 - dioxolane, 

B.P. 113—1l3.5° C./0.3 mm. 
Analysis.—-Calcd. for C15H22F6O4: C, 47.4; H, 5.8; F, 

30.0; mole weight 380. Found: C, 47.2; H, 5.7; F, 29.3; 
mole weight 379. 

Example 20 

A mixture of 0.5 part lithium chloride and 150 parts 
of “Fluorochemical FC-75”, a commercial product be 
lieved to be a mixture of per?uorinated cyclic ethers one 
of which is perfluoro-n-butyloxolane, an inert solvent, 
was placed in a Hastelloy C shaker tube. The tube was 
sealed, cooled to —80° C. and evacuated. A mixture of 
18.7 parts ethylene oxide and 0.2 part ethylene glycol 
was added to the tube followed by 93 parts 1,3-dichloro 
tetra?uoroacetone. The tube was then heated at 110° C. 
for one hour, then 120° C. for 10 hours with agitation. 
The pressure decreased from 140 p.s.i.g. to 20 p.s.i.g. 
Fractional distillation of the product gave 80 parts 2,2 
bis(chlorodi?uoromethyl)-1,3-dioxolane, B.P. 87° C./44 
mm. (78% yield). 

Analysis.——Ca1cd. for C5H4Cl2F4O22 C, 24.7; H, 1.7; 
Cl, 29.2. Found: C, 25.0; H, 1.9; Cl, 29.3 

Example 21 

A mixture of 0.5 part lithium chloride and 0.2 part 
ethylene ‘glycol was placed in a Hastelloy C shaker tube. 
The tube was cooled to —80° C., evacuated and 29.8 parts 
ethylene oxide and 110 parts hexa?uoroacetone were 
added. The tube was sealed and heated at 110° C. for 
1 hour, then 120° C. for 10 hours. After cooling the 
product was discharged and distilled giving 100.5 parts 
of 2,2-bis(tri?uoromethyl)-1,3-dioxolane, B.P. 100 
104.5 ° C. The over-all yield was 72%. 

Example 22 

A mixture of 0.5 part lithium chloride and 0.3 part 
ethylene glycol was placed in a shaker tube. The tube 
was cooled to —80° C., evacuated and 32 parts propylene 
oxide and 87 parts hexa?uoroacetone were added. The 
tube was sealed and heated at 110° C. for one hour, 
then at 120° C. for 10 hours. After cooling, the product 
was discharged and distilled giving 91 parts (78%) of 
2,2Jbis(tri?uoromethyl)-4-methyl-l,3-dioxolane, B.P. 43° 
C./44 mm. 

AnaIysis.-—Calcd. for CSHSFGOZ: C, 32.2; H, 2.7. 
Found: C, 32.5; H, 3.0. 

Example 23 

A mixture of 0.5 part lithium chloride and 19 parts 
methanol was placed in a shaker tube. The tube was 
sealed, cooled to —80° C., evacuated and 34 parts pro 
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pylene oxide and 98 parts hexa?uoroacetone were added. 
The tube was sealed and heated for 3 hours at 100° C., 
then 120° C. for 9 hours. After cooling, the product was 
discharged and distilled, giving 93.1 parts (71% yield) 
2,2-bis(tri?uoromethyl)-4-methyl-1,3-dioxolane, B.P. 60 
63° C./120 mm. 

Example 24 

A mixture of 21 parts methyl glycidate, 

/O\ 
CH3O2CCH—CH2 

0.5 part tetra-n»butylammonium iodide, 0.1 part water 
and 34 parts hexa?uoroacetone was placed in a shaker 
tube and heated at 120° C. for 10 hours. The product 
was discharged and distilled, giving 30 parts (55% 
yield) of 2,2-bi's(tri?uoromethyl)-4-carbomethoxy-1,3 
dioxolane, B.P. 59° C./8 mm., nD25 1.3496. 

Analysis.—Calcd. for C7H6F6O4: C, 31.4; H, 2.26; F, 
42.5. Found: C, 31.4; H, 2.1; F, 42.5. 
The following examples are given for purposes of 

comparison and illustrate processes which are not within 
the scope of this invention. 

Example 25 

A mixture of lithium ?uoride (0.5 part), hexa?uoro 
acetone (110 parts), water (0.1 part), and ethylene 
oxide (29 parts) was heated in a shaker tube for more 
than 12 hours at 200° C. There was obtained a conver 
sion'of only 24%, of which 44.7% was 2,2-bis(tri?uoro 
methyl)-1,3-dioxolane and 55.3% was polymer. 

Example 26 

A mixture of lithium sulfate (0.5 part), hexafluoro 
acetone (110 parts), water (0.1 part), and ethylene oxide 
(29 parts) was heated in a shaker tube at 120° C. for 
more than 12 hours. There was obtained a conversion 
of only 13% of’which 59% was 2,2-bis(trifluoromethyD 
1,3~dioxolane and 41% was polymer. 

Example 27 

A mixture of sodium bifluoride (0.5 part), hexa?uoro 
acetone (1110 parts), water (0.1 part), and ethylene oxide 
(29 parts) was heated in a shaker tube at l20-1195° C. 
With or without water present, there was obtained 13.9 
parts of 2,2-bis(trifluoromethyl)-1,3-dioxolane (10% con 
version) and 17 parts polymer (12.3% conversion). 

Example 28 

A mixture of stannic chloride (0.5 part), hexa?uoro 
acetone (110 parts), water (0.1 part), and ethylene oxide 
(29 parts) was heated at 120° C. for greater than 12 
hours. The only product found was a mixture of liquid 
and solid polymers (71 parts, 51% conversion). 

Example 29 

A mixture of tetra-n-butylammonium iodide (0.5 part), 
hexa?uoroacetone ( 110 par-ts), water (0.1 part), and 
cyclohexene oxide (66 parts) was heated at 120° C. for 
12 hours. The entire product was found to be a polymer 
(94 parts, 53.4% conversion). 

Example 30 

A mixture of tetra-n-butylammonium iodide (1 part), 
hexa?uoroacetone (110 parts), water (01 part), and 
hexa?uoropropylene oxide (166 parts) was heated at 
150° C. for 12 hours. There was obtained only a poly 
meric product (10 parts, 33.2% conversion). 

~ Example 31 

A mixture of lithium bromide (0.5 part), cyclohexene 
oxide (49 parts), ethylene glycol (31 parts), and 1,3-di 
chlorotetra?uoroacetone (49 parts) was heated at 125° C. 
for 3 hours. Only polycyclohexene oxide was obtained. 
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Example 32 

A mixture of tetra-n-butylammonium iodide (0.5 part), 
ethylene oxide (22 parts), water (0.1 part), and bis(per 
?uoroisopropyl)ketone (22 parts) was heated at 120° C. 
for 12 hours. No reaction occurred. 

It will be understood that the foregoing Examples 1 to 
24 have been given for illustrative purposes solely, and 
that this invention is not limited to the speci?c embodi 
ments described therein. On the other hand, it will be 
readily apparent to those skilled in the art that, subject 
to the limitations set forth in the general description, 
many variations and modi?cations can be made in the 
materials, proportions and conditions employed without 
departing from the spirit and scope of this invention. 
From the foregoing description and examples, it will be 

apparent that this invention provides a new and improved 
process for preparing 2,2-bis(poly?uoroalkyl)-1,3-dioxol 
anes. Particularly, it provides a process employing a 
novel class of catalysts for bringing about the desired 
reaction between a de?ned class of polyfluoroketones and 
a de?ned class of epoxides to produce the desired dioxol 
anes in high yields Without the formation of undesired 
polymers. It permits the production of the desired type 
of dioxolanes from starting materials which could not be 
used in prior processes. Also, the process is simple, easy 
and economical to operate. Accordingly, it is obvious 
that this invention constitutes a valuable advance in and 
contribution to the art. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are de?ned as fol 
lows: 

1. The process for preparing a 2,2-bis(poly?uoro 
alkyl)-1,3-dioxolane which comprises reacting, at a tem 
perature in the range of from about 21° C. to about 
200° C. 

(a) a poly?uoro-ketone of 3 to 21 carbon atoms having 
the formula RXCXF—CO—CYFRy wherein each of 
X and Y is a halogen atom of atomic numbers 9~17, 
and RK and Ry is a member of the group consisting, 
separately, of ‘F, Cl, per?uoroalkyl groups of 1-10 
carbon atoms, and w-hydroper?uoroalkyl groups of 
1-10 carbon atoms, and, jointly, of poly?uoroalkyl 
one and oxopoly?uoroalkylene groups of 1—3 carbon 
atoms which form with the —CXF—CO—-CYF—— 
group a carbocyclic ring of 4—6 carbon atoms; 

(b) with an epoxide selected from the group consist 
ing of ethylene oxide, propylene oxide, styrene oxide, 
but-adiene diepoxide, epichlorohydrin, 2-methyl-3 
chloro-l,2 - epoxypropane, 1,4-dichloro - 2,3-epoxy 
butane, methyl 10,11-epoxyundecanoate, and methyl 
glycidate; 

(c) in the presence of a catalytic amount of a catalyst 
of the group consisting of lithium chloride, alkali 
metal halides in which the halogens are of atomic 
numbers 35-53, and quaternary ammonium halides 
in which the halogens are of atomic numbers 35—53 
and the quaternary ammonium cations are selected 
from tetraalkylammonium and aralkyltr-ialkylam 
monium cations. 

2. The process for preparing a 2,2-bis(poly?uoroalkyl) 
1,3-dioxolane which comprises reacting, at a temperature 
in the range of from about 21° C. to about 200° C., 

(a) a saturated perhalocarbon monoketone of 3 to ‘21 
carbon atoms in which there are at least 2 halogen 
atoms on each a-carbon atom at lezwt one of which 
is ?uorine and in which at least 50% of all halogen 
atoms are fluorine and the rest are chlorine; 

(b) with an alkylene oxide of 2 to 20 carbon atoms 
and 1 to 2 epoxy groups in which the 2 carbon atoms 
of each epoxy group together carry at least 2 hydro 
gen atoms and each carbon atom of each epoxy group 
forms part of an acyclic carbon chain; 

(c) in the presence of a catalytic amount of a tetra 
alkylammonium halide in which the halogen is of 
atomic numbers 35-53. 
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3. The process for preparing a 2,2-bis(poly?uoroalrkyl) 
1,3-dioxolane which comprises reacting, at a tempera 
ture in the range of from about 21° C. to about 200° C., 

(a) a saturated perhalocarbon monoketone of 3 to 8 
carbon atoms in which there are at least 2 halogen 
atoms on each ot-carbon atom at least one of which 
is ?uorine and in which at least 50% of all halogen 
atoms are ?uorine and the rest are chlorine; 

(b) with an alkylene oxide of 2 to 4 carbon atoms and 
1 to 2 epoxy groups in which the 2 carbon atoms of 
each epoxy group together carry at least 2 hydrogen 
atoms and each carbon atom of each epoxy group 
forms part of an acyclic carbon chain; 

(c) in the presence of a catalytic amount of a tetra 
alkylammonium halide in which the halogen is of 
atomic numbers 35-53. 

4. The process for preparing a 2,2—bis(poly?uoroalkyl) 
1,3-dioxolane which comprises reacting, at a tempera 
ture in the range of from about 21° C. to about 200° C., 

(a) a saturated per?uorocarbon monoketone of 3 to 8 
carbon atoms in which there are at least 2 ?uorine 
atoms on each tat-carbon atom; 

(b) with an alkylene oxide of 2 to 4 carbon atoms 
and 1 to 2 epoxy groups in which the 2 carbon atoms 
of each epoxy group together carry at least ‘2 hydro 
gen atoms and each carbon atom of each epoxy 
group forms part of an acyclic carbon chain; 

(c) in the presence of a catalytic amount of a tetra 
alkylammonium halide in which the halogen is of 
atomic numbers 35-53. 

5. The process for preparing a 2,2-bis(poly?uoroalkyl) 
1,3-dioxolane which comprises reacting, at a temperature 
in the range of from about 21° C. to about 200° C., 

(a) a saturated w-hydroperhalocarbon monoketone of 
3 to 21 carbon atoms in which there are at least 2 
halogen atoms on each a-carbon atom at least one 
of which is ?uorine and in which at least 50% of all 
halogen atoms are ?uorine and the rest are chlorine; 

(b) with an alkylene oxide of 2 to 20 carbon atoms and 
1 to 2 epoxy groups in which the 2 carbon atoms of 
each epoxy group together carry at least 2 hydrogen 
atoms and each carbon atom of each epoxy group 
forms part of an acyclic carbon chain; 

(c) in the presence of a catalytic amount of a tetra 
alkylammonium halide in which the halogen is of 
atomic numbers 35-53. 

6. The process for preparing a 2,2-bis(poly?uoroalkyl) 
1,3-dioxolane which comprises reacting, at a temperature 
in the range of from about 21° C. to about 200° C., 

(a) a saturated w-hydroper?uorocarbon monoketone of 
3 to 8 carbon atoms in which there are at least 2 
?uorine atoms on each a-carbon atom; 

(b) with an alkylene oxide of 2 to 4 carbon atoms and 
l to 2 epoxy groups in which the 2 carbon atoms of 
each epoxy group together carry at least 2 hydrogen 
atoms and each carbon atom of each epoxy group 
forms part of an acyclic carbon chain; 

(c) in the presence of a catalytic amount of a tetra 
alkylammonium halide in which the halogen is of 
atomic numbers 35-53. 

7. The process for preparing a 2,2~bis(poly?uoroalkyl) 
1,3-dioxolane which comprises reacting, at a temperature 
in the range of from about 21° C. to about 200° C., 

(a) a saturated perhalocarbon monoketone of 3 to 21 
carbon atoms in which there are at least 2 halogen 
atoms on each u-carbon atom at least one of which 
is ?uorine and in which at least 50% of all halogen 
atoms are ?uorine and the rest are chlorine; 

(b) with a substituted alkylene oxide of 2 to 20 carbon 
atoms and 1 to 2 epoxy groups in which the 2 carbon 
atoms of each epoxy group together carry at least 
2 hydrogen atoms and each carbon atom of each 
epoxy group forms part of an acylic carbon chain, 
and the substituents consist of 1 to 2 haloalkyl groups; 

(c) in the presence of a catalyst amount of a tetra 
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16 
alkylammonium halide in which the halogen is of 
atomic numbers 35-53. 

8. The process for preparing a 2,2-bis(poly?uoroalkyl) 
1,3-dioxolane which comprises reacting, at a temperature 
in the range of from about 21° C. to about 200° C., 

(a) a saturated perhalocarbon monoketone of 3 to 21 
carbon atoms in which there are at least 2 halogen 
atoms on each a-carbon atom at least one of which 
is ?uorine and in which at least 50% of all halogen 
atoms are ?uorine and the rest are chlorine; 

(b) with a substituted alkylene oxide of 2 to 20 carbon 
atoms and 1 to 2 epoxy groups in which the 2 carbon 
atoms of each epoxy group together carry at least 
2 hydrogen atoms and each carbon atom of each 
epoxy group forms part of an acyclic carbon chain, 
and the substituents consist of 1 to 2 chloromethyl 
groups; 

(c) in the presence of a catalytic amount of a tetra 
alkylammonium halide in which the halogen is of 
atomic numbers 35-5 3. 

9. The process for preparing a 2,2-bis(poly?uoroalkyl) 
1,3-dioxolane which comprises reacting, at a temperature 
in the range of from about 21° C. to about 200° C., 

(a) a saturated perhalocarbon monoketone of 3 to 21 
carbon atoms in which there are at least 2 halogen 
atoms on each a-carbon atom at least one of which 
is ?uorine and in which at least 50% of all halogen 
atoms are ?uorine and the rest are chlorine; 

(b) with an alkylene oxide of 2 to 20 carbon atoms 
and 1 to 2 epoxy groups in which the 2 carbon atoms 
of each epoxy group together carry at least 2 hydro 
gen atoms and each carbon atom of each epoxy group 
forms part of an acyclic carbon chain; 

(c) in the presence of a catalytic amount of an aralkyl 
trialkylammonium halide in which the halogen is of 
atomic numbers 35-53. 

10. The process for preparing a 2,2-bis(poly?uoro 
alkyl-1,3-dioxolane which comprises reacting, at a tem 
perature in the range of from about 21° C. to about 
200° C., 

(a) a saturated per?uorocarbon monoketone of 3 to 8 
carbon atoms in which there are at least 2 ?uorine 
atoms on each a-carbon atom; 

(b) with an alkylene oxide of 2 to 4 carbon atoms and 
1 to 2 epoxy groups in which the 2 carbon atoms of 
each epoxy group together carry at least 2 hydrogen 
atoms and each carbon atom of each epoxy group 
forms part of an acyclic carbon chain; 

(c) in the presence of a catalytic amount of an aralkyl 
trialkylammonium halide in which the halogen is of 
atomic numbers 35-53. 

11. The process for preparing a 2,2-bis(poly?uoro 
alkyl)-1,3-dioxolane which comprises reacting, at a tem 
perature in the range of from about 21° C. to about 
200° C., 

(a) a saturated w-hydroper?uorocarbon monoketone of 
3 to 8 carbon atoms in which there are at least 2 
?uorine atoms in each oc-carbon atom; 

(b) with an alkylene oxide of 2 to 4 carbon atoms and 
1 to 2 epoxy groups in which the 2 carbon atoms of 
each epoxy group together carry at least 2 hydrogen 
atoms and each carbon atom of each epoxy group 
forms part of an acyclic carbon chain; 

(c) in the presence of a catalytic amount of an aralkyl 
trialkylammonium halide in which the halogen is of 
atomic numbers 35-53. 

12. The process for preparing a 2,2-bis(poly?uoro 
alkyl)-1,3-dioxolane which comprises reacting, at a tem 
perature in the range of from about 21° C._to about 
200° C., 

(a) a saturated perhalocarbon monoketone of 3 to 21 
carbon atoms in which there are at least 2 halogen 
atoms on each a-carbon atom at least one of which 
is ?uorine and in which at least 50% of all halogen 
atoms are ?uorine and the rest are chlorine; 
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(b) with a substituted alkylene oxide of 2 to 20 carbon 
atoms and 1 to 2 epoxy groups in which the 2 carbon 
atoms of each epoxy group together carry at least 
2 hydrogen atoms and each carbon atom of each 
epoxy group forms part of an acyclic carbon chain, 
and the substituents consist of 1 to Z haloalkyl groups; 

(c) in the presence of a catalytic amount of an aralkyl 
trialkylammonium halide in which the halogen is of 
atomic numbers 35-53. 

13. The process for preparing 2,2-bis(tri?uoromethyl) 
1,3-dioxolane which comprises reacting, at a temperature 
of from about 21° C. to about 130° C., 

(a) hexa?uoroacetone 
(b) with ethylene oxide; 
(0) in the presence of a catalytic amount of a tetra 
alkylammonium halide in which the halogen is of 
atomic numbers 35-53. 

14. The process for preparing 2,2-bis(ch1orodi?uoro 
methyl)-1,3-dioxolane which comprises reacting, at a tem 
perature of from about 21° C. to about 130° C., 

18 
(a) 1,3-dichlorotetra?uoroacetone 
(b) with ethylene oxide; 
(0) in the presence of a catalytic amount of lithium 

chloride. 
5 15. The process for preparing 2,2-bis(tri?uoromethyl) 

4,5-bis(chloromethyl)-1,3-dioxo1ane which comprises re 
acting, at a temperature of from about 21° C. to about 
130° C., 

(a) hexa?uoroacetone 
(b) with 1,4-dich1oro-2,3-epoxybutane; 
(c) in the presence of a catalyst amount of a tetra 
alkylammonium halide in which the halogen is of 
atomic numbers 35-53 

(d) and, for each part of the catalyst (c), about 0.2 to 
about 1 part by weight of water. 
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